INTRODUCTION
============

Atopic dermatitis is a chronically relapsing inflammatory skin disease commonly associated with respiratory or food allergy. Over 50% of patients with atopic dermatitis develop asthma and 75% develop allergic rhinitis in future ([@B1], [@B2]). Thirty-sixty percent of children with moderate-severe atopic dermatitis have IgE-mediated clinical reactivity to food proteins ([@B3], [@B4]). Therefore, the data suggest that atopic dermatitis is strongly related with food allergy.

Recent studies demonstrate an increasing prevalence of atopic diseases. An investigation into the worldwide prevalence of atopic diseases as asthma, allergic rhinitis, and atopic eczema in school aged children showed rates of up to 20% ([@B5], [@B6]). A cross-sectional questionnaire study in western country conducted in the 1990s confirmed this increased prevalence. For instance, questionnaire studies of Swedish school-children in 1979 and 1991 showed an increase in the prevalence of atopic dermatitis among allergic diseases from 7% in 1979 to 18% in 1991 ([@B7]). Studies from other continents indicate that the prevalence of atopic dermatitis is similar to Western countries ([@B8]). Several studies using identical procedures and assessment demonstrate a definite time trend toward the increase in atopic dermatitis cases over the past few decades ([@B9], [@B10]).

There is a number of clinical and laboratory evidences to suggest the notion that food allergy plays a role in the pathogenesis of atopic dermatitis. But several clinical and laboratory investigations support a role for food-specific IgE antibody in the pathogenesis of atopic dermatitis. Walzer et al. demonstrated that ingested food antigens penetrated the gastrointestinal barrier and are transported in the circulation to IgE-bearing mast cells in the skin ([@B11]). In laboratory studies, T cells reactive to food allergen cloned from active lesions of atopic dermatitis ([@B12]), and elevated histamine releasing factors in children with atopic dermatitis when consuming diet with allergenic food ([@B13]). However, the mechanisms of atopic dermatitis and food allergy remains poorly understood despite a number of considerable researches.

Epidemiological study has the potential to add greatly to our understanding by elucidating the risk factors for atopic dermatitis and food allergy and thereby suggesting productive avenues for research into causation. Furthermore, Asian countries rarely have any epidemiological study in allergic diseases for facilitating international collaboration and comparison of data.

The aims of the present study were to describe the prevalence of atopic dermatitis and food allergy and to make the comparison of prevalence between 1995 and 2000, and between Seoul and provinces in Korea. In addition we tried to evaluate the correlation of prevalence between atopic dermatitis and food allergy.

MATERIALS AND METHODS
=====================

Subjects
--------

The population of interest is schoolchildren within a given geographical area in Korea. A random sample of two age groups of children was studied: 6-12 yr olds (elementary schoolchildren) and 12-15 yr olds (middle schoolchildren). The two centers for study were grouped: Seoul center which represented a metropolitan with a large population (over 10 million) and provincial center, which includes Suwon, Chungju, Changwon, Ulsan, Jeonju, Chunchon, Jeju and Ansan. The Provincial Center represented relatively rural area with a small population, less pollution, and lower living standard compared to Seoul. The air pollution area represented a number of industrial centers and factories collected in the city as Changwon, Ulsan and Ansan. The sampling unit was a school for each age group. Each school in the center, which contained the age group of interest, was numbered, and the schools were selected using a table of random numbers. Sampling of each age group separated. We obtained a complete school list from the Ministry of Education, and made 4 sampling frames; Seoul elementary, Seoul middle, Provincial elementary, and Provincial middle schools. We randomly sampled 10 from 503 elementary and 10 from 347 middle schools in Seoul. For the other 8 provincial cities, we selected 3 schools from each city summing up to 24 from 253 elementary and 24 from 136 middle schools. The whole 6 grades in elementary and 3 grades in middle school contained our target age groups. We sampled about 150 children from each grade, and a total of 42,886 children in 1995 and 43,047 in 2000 were selected from 68 schools across the nation and 40,429 in 1995 and 42,202 in 2000 actually participated. The overall response rate was 94.9% in 1995 and 97.8% in 2000.

Data collection
---------------

The Korean version of ISAAC written questionnaire was administered to the parents of the children in elementary schools and to the student themselves in middle schools ([@B14], [@B15]). Response rates for each school were monitored during the study to make it sure that we had response rate over 90%. We trained 18-20 pediatric allergy specialists and survey workers in one center, who made rounds across the nation to the selected schools afterwards. The survey was conducted between September to November in 1995 and September to November in 2000.

Statistical analysis
--------------------

All data were entered into a computer using a specialized entry program for this particular study. It had special functions to reduce entry error, and we excluded if the respondent was out of the age 6-15 yr. The final number of subjects included in the analysis was 38,955 in 1995 and 42,081 in 2000.

Lifetime and last 12-month prevalences were calculated by dividing positive responses to each question by the number of completed questionnaires. Ninety five percent confidence intervals (CI) of the prevalence were estimated in individual level. The definition of 12-month prevalence of symptoms of eczema were also restricted to the proportion of children having atopic dermatitis in last 12-months with the involvement of flexural area only, such as folds of the elbows, behind the knees, in front of ankles, under the buttocks, or around the neck, ears, or eyes, for the same reason. It was defined as the symptom of \'flexural eczema\'. As for other symptom prevalence, we simply calculated the positive rates of the \"Have you ever \-\--\" and \"In last 12-months \-\--\" question items in each symptom module ([@B11], [@B12]). Since the survey methods for elementary and for middle schools were different, we calculated the prevalence separately. Twelve-month prevalences of symptoms by sex, age, and region were calculated and compared using χ^2^ test and 95% confidence intervals. Confidence intervals were calculated using the normal approximation of the binominal distribution. Logistic regression was used to analyze the effect of several risk factors on 12-month symptom prevalence. Adjusted odds ratio (aOR) and its 95% CI were derived from the asymptomatic chi-square distribution of the likelihood ratio test, using age, sex. The SAS system for Windows V6.12 was used for all the analysis.

RESULTS
=======

The total number of respondents was 40,429, of which 25,361 (62.7%) were from elementary schools and 15,068 (37.7%) were from middle schools in 1995 and 42,202, of which 27,425 (64.9%) were from elementary schools and 14,777 (35.0%) were from middle schools in 2000. The age and sex distribution of the study group is shown in [Table 1](#T1){ref-type="table"}.

Change of prevalence of atopic dermatitis between 1995 and 2000
---------------------------------------------------------------

[Table 2](#T2){ref-type="table"} shows the prevalence of atopic dermatitis in school-aged children in 1995 and 2000. The lifetime prevalence of itchy eczema was increased from 1995 to 2000 in 6-12 yr olds (15.3% in 1995 and 17.0% in 2000) and in 12-15 yr olds (7.2% in 1995 and 9.2% in 2000). Twelve-month prevalence of flexural eczema was also increased from 1995 to 2000 in both 6-12 yr olds (7.3% in 1995 and 10.7% in 2000) and 12-15 yr olds (3.9% in 1995 and 6.1% in 2000). The mean lifetime prevalence of atopic dermatitis, which had ever been diagnosed by medical doctors were 24.9% in 6-12 yr olds and 12.8% in 12-15 yr olds respectively in 2000.

Change of prevalence of food allergy between 1995 and 2000
----------------------------------------------------------

The lifetime prevalence of food allergy was not significantly different from 1995 to 2000 in 6-12 yr olds (10.9% in 1995 and 8.9% in 2000) and in 12-15 yr olds (11.3% in 1995 and 12.6% in 2000). Twelve-month prevalence of food allergy also showed no differences from 1995 to 2000 in both 6-12 yr olds (6.5% in 1995 and 5.7% in 2000) and 12-15 yr olds (7.4% in 1995 and 8.6% in 2000). The mean lifetime prevalence of food allergy, which had ever been diagnosed by medical doctor, was 4.7% in 6-12 yr olds and 5.1% in 12-15 yr olds respectively in 2000 survey shown as [Table 3](#T3){ref-type="table"}.

The comparison of twelve-month prevalence of atopic dermatitis and food allergy between Seoul and Provincial Centers
--------------------------------------------------------------------------------------------------------------------

The twelve-month prevalence of atopic dermatitis was higher in Seoul than in other provincial cities in 1995 (atopic dermatitis; 11.4% vs. 8.1% in 6-7 yr olds, 4.8% vs. 3.7% in 13-14 yr olds), but the twelve-month prevalence of atopic dermatitis and food allergy in provincial regions were increased from 1995 to 2000 and the prevalence of both diseases in Seoul and Provincial Centers became to be similar in 2000 survey (atopic dermatitis; 13.5% vs. 12.5% in 6-7 yr olds, 6.2% vs. 6.2% in 13-14 yr olds, food allergy; 4.3% vs. 5.3% in 6-7 yr olds, 10.0% vs. 8.0% in 13-14 yr olds) shown as in [Table 4](#T4){ref-type="table"}, and the age matched prevalence of atopic dermatitis in Seoul Center and Provincial Center were showed with the age in [Fig. 1](#F1){ref-type="fig"}, [2](#F2){ref-type="fig"}. The prevalence of atopic dermatitis in Seoul and Provincial Center was decreased with aging in 1995 and 2000.

Risk factors
------------

As shown in [Table 5](#T5){ref-type="table"}, age is significantly correlated with the protective effect developing atopic dermatitis in 6-12 yr old children (aOR: 0.871 in 1995; 0.899 in 2000), but is not correlated in 12-15 yr old children. In gender, male is preponderant in 6-12 yr old children (aOR: 0.949 in 1995; 0.935 in 2000). Living in urban area or air pollution area is one of the risk factors in 6-12 yr old children, but living with cats and dogs does not seem to be correlated with atopic dermatitis. Body mass index (BMI) is correlated in 12-15 yr old children, but not in 6-12 yr old children, whereas premature born history is also correlated to developing atopic dermatitis. In 2000 survey, parental allergy history, such as asthma, allergic rhinitis, and atopic dermatitis, especially parent\'s atopic dermatitis history is shown to be significantly correlated to developing their offspring\'s atopic dermatitis as shown in [Table 5](#T5){ref-type="table"}.

The rate having food allergy in children with atopic dermatitis
---------------------------------------------------------------

The diagnosis rates were selected for the comparison of prevalence of food allergy among children with atopic dermatitis because of its accuracy. In elementary schoolchildren, 646 children (9.5%) had ever been diagnosed the food allergy among 6,824 children with atopic dermatitis diagnosed by medical doctors. In middle schoolchildren, 179 children (9.5%) had ever been diagnosed the food allergy among 1,879 children with atopic dermatitis diagnosed by medical doctors. There were no differences of prevalence between Seoul Center and Provincial Center, and there were no differences of prevalence between elementary- and middle school-aged children ([Table 6](#T6){ref-type="table"}).

Common food allergen identified from questionnaire
--------------------------------------------------

We sampled and evaluated the answers for the food allergen questionnaire. We selected the subjects that were diagnosed by medical doctor and checked the food allergens that they suffered from. As shown in [Table 7](#T7){ref-type="table"}, most common allergen was egg (21.3% in 6-12 yr olds, 12.7% in 13-15 yr olds), and followed by milk (15.1% in 6-12 yr olds, 13.9% in 13-15 yr olds), fish (14.9% in 6-12 yr olds, 12.5% in 13-15 yr olds), seafood such as crab, lobster, shellfish (7.6% in 6-12 yr olds, 16.6% in 13-15 yr olds).

DISCUSSION
==========

The mean lifetime prevalence of atopic dermatitis, which had ever been diagnosed by doctors, was 24.9% in 6-12 yr olds and 12.8% in 12-15 yr olds respectively in 2000 in the present study. The results demonstrate the diagnosis rate of atopic dermatitis was apparently similar to the rate of western countries. According to prevalence surveys of atopic dermatitis in Scandinavian schoolchildren, the current lifetime prevalence of atopic dermatitis in Denmark in children 7 yr of age is about 20%. With clinical examination, a frequency of 30% to 35% is encountered in the northern part of Scandinavia ([@B5]).

In our study, the lifetime prevalence of itchy eczema was lower than the diagnosis rate in 2000. This outcome may suggest the possibility that the prevalence of diagnosis might be overestimated in the study or parents or children answered questionnaires might misunderstand the atopic eczema in questionnaires. If standardized, validated, and reproducible diagnostic criteria are applied and are translated into Korean languages with the original meaning intact, researchers may have an instrument that allows comparisons in different regions and different times. However, in epidemiological studies, the ideal situation in which all children with atopic dermatitis are identified cannot be expected. Because most of the diagonostic approaches by Hanifin and Rajka ([@B13]) were included in the Korean atopic dermatitis guidelines, and most Korean allergist and dermatologist have used this diagnostic criteria. Although the criteria were developed in a hospital based setting, they were shown to have a sensitivity of 74% to 80% and a specificity of 97% to 99% ([@B14]). The other assumption for this outcome that several population-based studies evaluating the severity of eczema consider that most of the atopic dermatitis population had mild eczema ([@B15], [@B16]). This situation suggests many parents or patients may ignore their mild eczema symptom, nevertheless they might recall the doctor\'s diagnosis for atopic dermatitis because doctor\'s diagnosis is more impressive to patients.

The present data result demonstrated that atopic dermatitis is improved or outgrown as becoming older in 6-12 yr olds. In addition, we took the twelve-month prevalence for the precise, near-the year prevalence of atopic dermatitis and food allergy. Twelve-month prevalence of atopic dermatitis in 2000 was apparently increased than the prevalence in 1995.

Relatively few studies have focused on potential, initiating risk factors for atopic dermatitis. Most population-based studies of atopic dermatitis in schoolchildren demonstrated preponderance in female ([@B17]). Our study also presents female is more correlated to expressing atopic dermatitis in 6-12 yr old children whereas gender is not shown a relationship in 12-15 yr old children. Our data suggests that gender preponderance is dependent on age group surveyed. The living in urbanized area with air pollution seems to be correlated to developing atopic dermatitis in our studies. This result is concordant with the previous study in Korea ([@B18]). Interestingly the studies in Germany after reunification offered an opportunity to evaluate the effect of Eastern and Western lifestyles on the prevalence of atopic disorders in two ethnically similar populations that live under similar climatic conditions but with a different pattern of air pollution and lifestyle. After reunification, the increased prevalence of atopic dermatitis in East Germany coincided with a significant decline in SO~2~ levels ([@B19]). Living with cat and dog was not significantly correlated to having atopic dermatitis in the present study. However, we estimate that this resulted from the limitation of questionnaire survey. Parents or patients may have avoided the pets from house since having atopic dermatitis. Cross sectional studies have reported impaired growth in children with atopic dermatitis ([@B20]-[@B22]). Our results show that body mass index (BMI) is correlated in 12-15 yr old children, but not in 6-12 yr old children. It may suggest it is likely to temporary and reversible if growth impairment occurs in childhood. Also, our data demonstrated paternal and maternal allergy history is very significantly correlated to developing atopic dermatitis in their offspring. Especially atopic eczema in parent was one of the strongest risk factors. Many investigations on environmental influences have found parental history of atopy or eczema to be one of the strongest risk factors ([@B23]).

The prevalence of clinically relevant food allergy among children with atopic dermatitis remains an unanswered question. Schloss et al. ([@B24]) documented several cases of improving their eczematous skin lesions after avoiding specific foods. A number of studies followed that report with controversy about the role of specific food allergens in atopic dermatitis ([@B25]-[@B28]). They all presented that approximately one third of children with moderate to severe atopic dermatitis were determined to have clinically relevant to food allergy, but the study has been criticized because of some selection bias. But, the results from our questionnaire survey present that 9.5% of children with atopic dermatitis responded to have food allergy in both elementary and middle school aged children. Our data was so different to the data of the previous studies in western countries. There are some reasons of difference between them. First, the triggering and risk factors may be different among the countries according to their living cultures. Considering that there are many triggers for atopic dermatitis including specific allergens such as aeroallergens and staphylococcal enterotoxins as well as food allergen, and nonspecific triggers such as heat, humidity, irritants, and stress ([@B29]). Second, most previous studies evaluated the food allergy-associated atopic dermatitis in young children less than 10 yr old or children with moderate to severe atopic dermatitis. The population of our study was 6-15 yr old school children and food allergy might be outgrown in children with atopic dermatitis as becoming older.

In the present survey, most common food allergen was egg followed by milk, fish, and seafood in 6-12 yr old children, and was seafood, followed by peach, milk, egg, and fish in 12-15 yr old children. In western country, egg, milk, peanut, wheat, and soy account for more than 85% of reactions as big 5 food allergen, and most children outgrow their allergies to milk, eggs, wheat, and soy, whereas patients allergic to peanut are less likely to lose their clinical response ([@B30]). In different way to western studies, milk, peanut and wheat are rare allergens whereas buckwheat, pork, some fruits such as peach, apple are more common allergen in Korean school aged children. The present results demonstrate that species of food allergen is specific according to each country dependent to the living and diet culture.

In summary, the lifetime and last twelve months prevalence of atopic dermatitis in Korean school-aged children was increased from 1995 to 2000. The present results suggest the public awareness of atopic dermatitis may have improved because of nationwide education for allergic diseases. However, the diagnostic rate is higher than symptomatic rate of atopic dermatitis in our study. Living in urbanized area with air pollution is correlated to developing atopic dermatitis in children. Parental allergies also are highly correlated to the offspring\'s atopic dermatitis. The prevalence of food allergy in school-aged children was not significantly different from 1995 to 2000, and the treatment rate of food allergy was lower than the treatment rate of atopic dermatitis. In addition, the correlation rate of children with atopic dermatitis responded to have food allergy was lower than the previous studies in western countries, and such differences may be explained by the different racial, environmental, and cultural factors.

The authors thank the devotion and help of the Seoul School Health Center and the pediatricians, who were the members of Korean Academy of Pediatric Allergy and Respiratory Disease (KAPARD) and participated in the survey.

![The aged matched comparison of twelve month prevalence of atopic dermatitis between 1995 and 2000 in school-aged children in Seoul Center, Korea. The prevalence of atopic dermatitis in Seoul Center was decreased with age in both 1995 and 2000. (E): Elementary school, (M): middle school.](jkms-19-716-g001){#F1}

![The age matched comparison of prevalence of atopic dermatitis between 1995 and 2000 in school-aged children in Provincial Center, Korea. The prevalence of atopic dermatitis in Provincial Center was decreased with age in both 1995 and 2000.](jkms-19-716-g002){#F2}

###### 

Response rate and age distribution of the subjects in 1995 and 2000
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Prevalences of atopic dermatitis in Korean school aged children
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Prevalences of food allergy in Korean school aged children
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Twelve-month prevalences of atopic dermatitis and food allergy in the age of 6-7 yr olds and 13-14 yr old
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Risk factors for the prevalence of atopic dermatitis based on diagnosis in school-aged children in Korea
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Values express adjusted odds ratio (aOR) and its 95% confidence interval (CI) of risk factors. ^\*^*p*\<0.05.
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Prevalence of food allergy among children with atopic dermatitis diagnosed by medical doctors

![](jkms-19-716-i006)

Numbers in parenthesis express the percentage of food allergy among children with atopic dermatitis. AD, atopic dermatitis; FA, food allergy.
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Common food allergens identified from questionnaire for food allergy in school-aged children of Seoul Center in Korea, 2000
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Numbers in parenthesis express express the percentage of each food species.
